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1 Introduction

PAFI is asetof programghatcanbe usedto find frequentpatternsn large anddiversedatabasesThe currentrelease
of PAFI includesthreedifferentpatterndiscovery programscalled LPMiner, SLPMiner, andFSG. LPMiner finds
patternscorrespondingo itemsetsn atransactiordatabasandis basedn thealgorithmdescribedn [5]. SLPMiner
finds patternscorrespondingo sub-sequencen a sequentiatiatabasandis basedon thealgorithmdescribedn [6].
Finally, FSG finds patternscorrespondingo connectedindirectedsubgraphsn anundirectedgraphdatabasendis
basedon the algorithmsdescribedn [3, 4]. Theseprogramscanbe usedto mine a wide-rangeof datasetsrisingin
commercialjnformationretrieval, andscientificapplicationg1].

All threeprogramscanbeusedto find patternghatsatisfya constanminimumsupport.Moreover, akey featureof
LPMiner andSLPMiner is thatthey canfind long frequentpatternswithout finding a large numberof shortpatterns
thatareoftenuselessThisis achieved by usinglength-deceasingsupportconstaints, wheretheminimumoccurrence
frequeng of apatternis given as anon-increasindunctionof patternlength.

PAFI's patterndiscovery programsusually provide threeadditionalfunctionalities. First, all threeprogramscan
generatemaximalfrequentpatterns. A maximalfrequentpatternis a frequentpatternthatis not containedby ary
otherfrequentpatterns.Generally the numberof maximalfrequentpatternss muchsmallerthanthe numberof all
thefrequentpatternsjeadingto higherreadabilityof frequentpatternfiles. SecondSLPMiner andFSG cangenerate
transaction-1Dlists (TID-lists) indicatingwhich sequencesr graphtransactionsupporta particularfrequentpattern.
Third, all threeprogramsangeneratgarent-dildren-lists(PC-lists)thatcanbeusedto constructhefrequentpattern
lattice.

Outline of PAFI's Manual

PAFI’'smanuals organizedasfollows. Section2, 3,and4 describehecommand-lineptionsof thedifferentfrequent
patterndiscovery programsand the format of the input and outputfiles that they requireand generate.Section5
describethe generaffilenamerulesassociatedvith the variousfiles generatedby PAFI’s programs.Finally, Section6
describeghe systenmrequirementgor the PAFI packageandprovidescontactinformation.



2 The LPMiner Program

USAGE
LPMiner  [optionalparameters] TranHle

DESCRIPTION
Usedto find all frequenttemsetssatisfyingaconstanbr length-decreasingupportconstrainfrom atransaction
file.

REQUIRED PARAMETERS
TranFile Thenameof thefile thatstorestheinputtransactionsrom which frequentitemsetpatternsareto be
found. Theformatof thetransactiorfile is describedn Section2.1.1.

OPTIONAL PARAMETERS

-s FLOAT, --support=FLOAT
This parametesetsthe constantminimum supportin percentage This valuemustbein the range
of [0.0, 100.0]. Thedefault valueis 5.0%. Note thatif the minimum supportis setto 0.0, all the
frequentpatternswith atleastonesupportingtransactiorareoutput. If -Sstring optionis specified,
-sfloatoptionis ignored.

-S FILE, --supptable=FILE
This parametespecifieghe file that storesthe length-decreasingupportconstraint. The format of
thisfile is describedn Section2.1.2. This parametehides-s float option.

-m INT, --mnsize=INT
This parametesetsthe minimum lengthof frequentpatternsto be output. The default valueis one.
If this parameters setto a valuegreaterthanone,the amountof time requiredto find the frequent
patternswill bedecreased.

-MINT, --maxsize=INT
This parameteisetsthe maximumlength of frequentpatternsto be output. The default value is
4,294,967 ,2950xffffffff) . If this parameteis setto a smallervalue,thenthe amountof time taken
for finding frequentpatternamaybedecreased.

-X, --maxinmal
Generatesnaximal frequentpatternsonly. The currentversionof LPMiner doesnot containary
optimizationsto actually reducethe amountof time requiredto find maximal patterns,and this
parameters usedsolelyto limit theamountof informationthatis beingoutput.

-p, --parent-children-1list
Generates file that shavs the parent-childrerrelationshipsamongfrequentpatterns. Theserela-
tionshipsare referredto as PC-list For eachfrequentpattern, p, its PC-list containsall frequent
patternsc, suchthatc is amaximalfrequentsub-patterrof p. NotethatwhenLPMiner is usedwith
a constansupportconstraintthe PC-listscorrespondo thefrequentpatternlattice.
The PC-listsarestoredin afile, which hasthe samenameasthe input file with file extension®.pc”
added.Theformatof the PC-listfile is describedn Section2.2.2.

-h, --help
Displaysa shortsummaryof the variousoptionsto the standarcbutput.

OuTPUT
Thediscoreredfrequentpatternsarestoredin afile thathasthe samenameasthe input file with file extension
“fp” added.Theformatof this frequentpatternfile is describedn Section2.2.1.

TheLPMiner programalsogenerateandprintsvariousstatisticsegardingtheinputfile, thediscoreredfrequent
patternsandthe amountof time taken during the various stagesf the computation.The sameinformationis
alsoappendedo afile calledlpminer.log



NOTE
The LPMiner programusesanin-memoryimplementation For this reasonthe sizeof the datasetshatcanbe
processearelimited by theamountof physicalmemoryin your system.If thatis notenoughyou canusethe
SLPMiner programto find frequentitemsetpatternsasit is disk-basedHowever, theruntimeof SLPMiner is
anorderof magnitudehigherthanLPMiner.

2.1 Input File Formats

LPMiner takes asinput two differentfiles. The first is the TranFle that containsthe transactiongrom which the
frequentpatternswill bediscorered,andthesecondile is thelength-decreasingupportconstrainfile (SuppHe) that
indicateghedifferentminimum supportvalues associatedith eachpatternlength. Notethatthe SuppHe is optional
andis usedonly whenthe-S is specified.Theformatof thesefiles is describedn therestof this section.

2.1.1 Transaction File

A transactiorfile is an ASCII file in which eachline represents transactionA transactions a setof itemsseparated
by oneor morespace®r tabs. Eachitem canbe ary stringexcept-1. Thereareno restrictionson hawv theitemsare
orderedwithin eachtransactionFigurel shavs someexamplesof differenttransactiorfiles.

12467911 apple orange pear melon
1234678912131517 orange pear
5791011131518 orange melon peach
12451619 20 apple orange grape melon
012489111315 (b)
0126121419
23689101214151619 item1 item3 item6 item4
2467811121416 17 item3 item6 item4 item1
123458101418 item3 item2 item7
0124691113 item1 item4 item7

(a) (c)

Figure 1: Examples of transaction files accepted by LPMiner. Note that the items can be arbitrary strings.

If aline containsnothing exceptspacesor tabs,the line is ignoredandit is not countedwhen determiningthe
total numberof transactions Also, if aline containsduplicateitems,thenthe duplicateoccurrence®f anitem are
ignored. Orderingof the itemswithin eachtransactiordoesnot affect the arrangementf itemsin frequentpattern
files generatedby LPMiner.

2.1.2 Length-Decreasing Support Constraint File

A length decreasingupportconstraintis a non-increasingunction of patternlength, f(m) (m = 1,2,...). The
lengthof a patternis thenumberof itemsin the pattern.A patternwith lengthm is frequentif andonly if its supportis
atleastf (m)%. Thesupportof a pattern(in percentageis definedas100m/n, wherem is the numberof transactions
supportingthe patternandn is the numberof all thetransactiorin theinput transactiorfile.

A length-decreasingupportconstrainis specifiecoy anASCIl file. Eachline of thefile containsa pairof numbers
m and f (m) separatethy onespace.The numberm is anintegergreateror equalto one andf (m) is afloating point
number(0.0 < f(m) < 1000) indicatingtheminimumsupportfor patternof lengthm. Notethatit mustalwayshold
that f (my) > f(my) for any two integersm; andm; suchthatm; < my. All linesmustbe sortedin the ascending
orderof m. Thefirst line of the file mustalwaysspecifythe minimum supportfor m = 1. Also, for patternswhose
lengthis greaterthanthe largestm value specifiedin the file (mmay), LPMiner finds theselonger patternsusinga
minimumsupportcorrespondindgo f (Mmay).

Figure 2(a) shavs an exampleof length-decreasingupportconstraintfile. Given this length-decreasingupport



15.0
250
35.0
445
545
64.5
74.0 15.0
84.0 445
94.0 74.0
(@ Anexample of (b) Shortened length—decreasing
length—decreasing support constraint file.

support constraint file.

Figure 2: Examples of length-decreasing support constraint files.

constraintfile, LPMiner uses4.0% asthe minimum supportfor patternsof length greaterthan9. If for a rangeof
pattern-lengthsthe associatedninimum supportvaluesarethe same thenall but the first occurrenceof theidentical
supportscanbe omitted. For example thelength-decreasingupportconstrainfile in Figure2(a) canbe shortenedo
thatshown in Figure2(b).

In addition,you canspecifymorethan100.0as f (m) value.In thatcaseno frequentpatternsvith lengthm will be
generatedAnotherspecialcaseis whenyou specify0.0as f (m) value. In thatcase LPMiner outputsevery pattern
thatis supportedy atleastonetransaction.

2.2 Output File Formats

Uponsuccessfuexecution,LPMiner outputsthe discoveredpatterndnto afile calledthe frequentpatternfile. If the
-x optionhasbeenspecified thenthis file containsonly the maximalpatternsptherwiseit containsall patternghat
satisfythe minimum supportconstraint(s)In addition,if theuserhasspecifiedhe-p option,LPMiner will generate
anadditionalfile calledthe PC-list file, that containsthe parent-childremrelationshipsamongfrequentpatterns.The
formatof thesefilesis describedn therestof this section.

2.2.1 Frequent Pattern File

The frequent-pattertile (*.fp) storeseitherthe frequent orthe maximalfrequentpatternsdiscoreredby LPMiner.
The patterngn thisfile aresortedin increasingorderof their patternlength. Eachline hasthe following format:

PATTERNID FREQ SUPPPATTERN

PATTERNID is a uniqueidentifier of the patternandis given as a LEVEL-NODEpair, whereLEVEL is equalto
the length of the patternminus one,and NODE is a unique numberassociatedvith that patternof that particular
LEVEL. The NODE-numbergangefrom zeroto the numberof patternsof that LEVEL minusone. The patterns
PATTERNID is usedto relatethe frequentpatternwith recordsin otheroutputfiles producedy LPMiner. FREQis
the numberof supportingsequenceand SUPPis the samevaluein percentagePATTERNS the frequentpatternin

thesameformatastheinputtransactiorfile. All theitemsin eachitemsetof PATTERNS sortedsothat integgerscome
first arrangedy the numericalordering,andthennon-integer stringsfollow arrangedy the lexicographicordering.
Figures5(b) and5(d) shawvs two examplesof frequentpatternfiles producedoy LPMiner.

2.2.2 PC-List File

A parent-dhildrenlist (PC-list)representparent-childremelationship@monghepatternsandcanbeusedo construct
the lattice of frequentpatterns.The precisemeaningof what constituteghe children patternsof a particularparent
pattern dependson whetheror not the patternswhere discoreredusing a constantor a length-decreasingupport
constraint.If constansupportwas usedthenfor eachparentpatternof sizek, its childrenpatternscorrespondo all

of its sub-pattern®f sizek — 1. However, if alengthdecreasingupportconstraintwas used,thenfor eachparent



3-02-12-02-32-2
2-01-71-21-1
2-11-71-41-3
2-21-31-11-5 null
1-0 0-1 0-0
1-10-30-0
i‘g g‘g g‘g 0-0 0-1 0-2 0-3 0-4
1-50-20-0
1-6 0-3 0-0 1-0 1-1 1-2 1-31-4 1-5 1-61-7
1-70-40-3
0-0
0-1 2-0 2-1 2-2 2-3
0-2
s W
0-4 -
(a) An example PC-list (b) It's corresponding pattern lattice

Figure 3: PC-lists and Pattern Lattices.

patternof sizek, its children patternscorrespondo all of its maximalfrequentsub-pattern®f lengthlessthank.
Notethatthis distinctionis dueto the factthannot all patternsn the traditionalitemsetlattice will satisfythe given
length-decreasingupportconstraint.

Theformatof the PC-listfile (*.pc) is asfollows. It containsasmary linesasthe numberof frequentpatternsand
for eachparentpatternit listsits childrenpatternsn thefollowing format:

<PARENTPATTERNID> <CHILD _PATTERNID _0> <CHILD_PATTERNID 1> ...

Both <PARENTPATTERNID> and<CHILD_PATTERNID _X> arein the LEVEL-NODEform describedn Sec-
tion 2.2.1,andrepresenthe patternghatwerediscoveredby thealgorithm.

Figure3(a)shavsanexampleof PC-listfile. In thisexample thepatternsveregeneratedisinga constantninimum
supportandfor thisreasorthe PC-listcanbeusedto createthe frequentitemsetlattice shavn in Figure3(b).

2.3 Examples

Figure4 shavs anexampleof usingLPMiner. In thisexample LPMiner is given an inputtransactiorfile TranFile
shavn in Figure5(a). This transactiorfile hasa total of 10 transactionsThe “-s” optionis usedto setthe constant
minimum supportto 50%. Thus, the output frequentpatternfile TranFile.fp shavn in Figure 5(b) contains
frequentpatternghataresupportedy atleast10 x 50/100 = 5 transactionskFor example frequentpattern{l 2 4}
has6 supportingtransactions—aupportvalue 0f60.0%. Thefirst field in eachoneof thelinesin thefrequentpattern
file, eg., 2-0 , indicatesshe PATTERNLID of the patternshavn onthatline.

In Figure4, the“-p” optionwas usedto generatea PC-listfile. Figure5(c) shavs the PC-listfile TranFile.pc
Eachline of the PC-listfile hasthe PATTERNLID of the parentpatternfollowed by a setof PATTERNLIDs corre-
spondingto its childrenpatterns.For example,pattern{2 4} with PATTERNLID 1-3 haschildrenpatterns{2} and
{4} thathave PATTERNLIDs {0-6 } and{0-4 }, respectrely. This parent-childrerrelationshipis shavn in the fifth
line of Figure5(c). Pattern{2 4} is alsoa child of pattern{1 2 4} with PATTERN.ID {2-0 }. Thefirst line of
Figure5(c) shavsthisrelationship.

If LPMiner is given maximalpatternoption“-x”, all the non-maximalfrequentpatternsare eliminatedfrom fre-
guentpatterndn Figure5(b). Figure5(d) shavs theresultingfrequentpatternfile.



ﬂompt% Ipminer  -s 50.0 -p TranFile
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of Minnesota

Ipminer  (PAFI 1.0) Copyright 2003, Regents of the University
Transaction File  Information
Transaction File  Name: TranFile
Number of Input Transactions: 10
Number of Distinct Items: 21
Average Number of Items In a Tran: 8.800
Maximum Number of Items In a Tran: 12
[©] o] 1T e e
Minimum Output Pattern  Size: 0
Maximum Output Pattern  Size: 4294967295
Constant  Minimum Support: 50.000000
PC List File Generation: Generate
Non-Maximal Frequent Pattern  Pruning: Skip
Solution  --emeeeemeeeemeeeees
Frequent Pattern  File: TranFile.fp
PC List File: TranFile.pc
Number of Frequent Patterns: 14
Number of Frequent  Patterns[Length 1] 7
Number of Frequent Patterns[Length 2] 6
Number of Frequent Patterns[Length 3] 1
Timing Information
Input  File Transformation: 0.006 sec
Generating  Frequent Pattern  File: 0.006 sec
0.005 sec

KGenerating PC List File:
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12467911
1234678912131517
5791011131518
1245161920
012489111315
0126121419
23689101214151619
2467811121416 17
123458101418
0124691113

Figure 4: Output of LPMiner

0-0550.000 11 2-01-31-4
0-1550.000 8 1-00-10-6
0-2 6 60.000 9 1-10-20-6
0-3 6 60.000 6 1-20-30-6
0-4770.000 4 1-30-40-6
0-5770.000 1 1-40-4 0-5
0-6990.000 2 1-50-60-5
1-0550.000 2 8 0-0
1-1550.00029 0-1
1-2660.000 2 6 0-2
1-3770.000 2 4 0-3
1-4660.000 1 4 0-4
1-5770.00012 0-5
2-0660.000124 0-6

i
]

0-0550.000 11
1-0550.00028
1-1550.00029
1-2660.0002 6
2-0660.000124

(a) Transaction File "TranFile"

(b)

Frequent Pattern
File "TranFile.fp"

(c) PC-List File
"TranFile.pc"

Maximal Pattern
File "TranFile.fp "

©)

Figure 5: Examples of the Input/Output files used/produced by LPMiner.



3 The SLPMiner Program

USAGE
SLPMiner

DESCRIPTION

[optionalparameters] SequentialfanFle

Usedto find all frequentsequentiapatternssatisfyinga constanbr length-decreasingupportconstrainfrom a
sequentiatransactiorfile.

REQUIRED PARAMETERS

Sequential TranFile

The nameof the file that storesthe input sequentiakransactiondrom which frequentsequential
patternsareto befound. Theformatof the sequentiatransactiorfile is describedn Section3.1.1.

OPTIONAL PARAMETERS
-s FLOAT, --support=FLOAT

-S FILE,

-m | NT,

-M | NT,

This parametesetsthe constantminimum supportin percentageThis valuemustbein therange
of [0.0, 100.0]. Thedefault valueis 5.0%. Note thatif the minimum supportis setto 0.0, all the
frequentpatternswith atleastonesupportingtransactiorareoutput. If -Sstring optionis specified,
-sfloat optionis ignored.
- -suppt abl e=FI LE

This parametespecifieghe file that storesthe length-decreasingupportconstraint. The format of
thisfile is describedn Section3.1.2. This parametehides-s float option.

--mnsi ze=I NT

This parametesetsthe minimum lengthof frequentpatterngo be output. The default valueis one.
If this parameteis setto a valuegreaterthanone,the amountof time requiredto find the frequent
patternswill bedecreased.

- -maxsi ze=I NT

This parameteisetsthe maximumlength of frequentpatternsto be output. The default valueis
4,294,967 ,2950xffffffff) . If this parameteis setto a smallervalue,thenthe amountof time taken
for finding frequentpatternamaybedecreased.

-X, --maxinmal

Generatesnaximalfrequentpatternsonly. The currentversionof SLPMiner doesnot containary
optimizationsto actually reducethe amountof time requiredto find maximal patterns,and this
parameters usedsolelyto limit theamountof informationthatis beingoutput.

-t, --tid-list

Generatesafile thatstoresfor eachpatternthelDs of theinput sequentiatransactionshatsupports
it. Thesdists arereferredto asTID-lists.

The TID-lists arestoredin afile, which hasthe samenameastheinputfile with file extension®.tid”
added.Theformatof the TID-list file is describedn Section3.2.3.

-p, --parent-children-1list

-b INT,

Generates file that shaws the parent-childrerrelationshipsamongfrequentpatterns. Theserela-
tionshipsarereferredto asPC-list For eachfrequentpattern, p, its PC-list containsall frequent
patternsc, suchthatc is a maximalfrequentsub-patterrof p. Note thatwhenSLPMiner is used
with a constansupportconstraintthe PC-listscorrespondo thefrequentpatternlattice.

The PC-listsarestoredin afile, which hasthe samenameasthe input file with file extension®.pc”
added.Theformatof the PC-listfile is describedn Section3.2.2.

- - buf si ze=I NT

This parametesetsthe size of the internall/O buffer in megabytes. The default valueis 50. The
performancef SLPMiner canbeimproved byincreasinghesizeof thebuffer. Thebuffer sizemust
beatleastaslargeasthelongestsequencén theinternalbinaryformat. This valuecanbe calculated



in termsof the maximumnumberof itemsetsn a sequencemn, andthe maximumnumberof items
in asequenceay, usingthefollowing formula:

20+ 4n + 4m
1000x 1000

This valueis alsoobtainedirom thelog file of SLPMiner.

-d PATH, --dir=PATH
This parametesetsthe directoryto be usedfor storingintermediatet.If. N files (describedn Sec-
tion 5). The default valueis the directorywherethe programis invoked. Thesefiles aregenerated
during the executionof SLPMiner andaredeleteduponsuccessfuexecution. The performanceof
SLPMiner canbeimproved by providing a pathon a disk thatis attachedocally on the machine
thatSLPMiner runs(i.e., you shouldnot be usinga network mounteddisk).

-h, --help
Displaysa shortsummaryof the variousoptionsto the standarcbutput.

OuTPUT
Thediscoreredfrequentpatternsarestoredin afile thathasthe samenameasthe input file with file extension
“.fp” added.Theformatof this frequentpatternfile is describedn Section3.2.1.

The SLPMiner programalsogenerates log-file called slpminer.log , Which storesvariousstatisticsre-
gardingtheinputfile, the discoreredfrequentpatternsandthe amountof time taken during the various stages
of thecomputation.The sameinformationis alsoprintedon the standarcbutput.

NOTE
The SLPMiner programusesa disk-basedmplementatiorand canscaleto very large datasets.The primary
constrainton the size of the datasetghatit canprocesss the amountof free disk-spacehatis available for
storingintermediatedatafiles.

3.1 Input File Formats

SLPMiner takes asnputtwo differentfiles. Thefirstis theSequentialfanFle thatcontainghesequentiatransactions
from which the frequentpatternswill be discovered,andthe secondfile is the length-decreasingupportconstraint
file (SuppHle) thatindicatesthe differentminimum supportvalues associatedith eachpatternlength. Note thatthe
SuppHe is optionalandis usedonly whenthe-S is specified. Theformatof thesefilesis describedn therestof this
section.

3.1.1 Sequential Transaction File

A sequentiaktransactiorfile is an ASCII file in which eachline represents sequentiakransaction. A sequential
transactions representedsanorderedist of itemsetsseparatetby -1 . Eachitem canbe ary stringexcept-1, which
is the itemsetseparator Thereareno restrictionson how the itemsareorderedwithin eachitemset. Figure6 shavs
someexamplesof differentsequentiatransactiorfiles.

If aline containsnothingexceptspace®r tabs,theline is ignoredandit is not countedwhendeterminingthetotal
numberof transactionsAlso, if anitemsetcontainsduplicateitems,thenthe duplicateoccurrencesf anitem within
thatitemsetareignored.Orderingof theitemswithin eachitemsetdoesnot affectthearrangemensf itemsin frequent
patternfiles generatedy SLPMiner.

3.1.2 Length-Decreasing Support Constraint File

Theformatof the length-decreasingupportconstrainffile is identicalto thatusedby LPMiner andwas describedn
Section2.1.2. The only differenceis that sincea sequentiapatternconsistsof a sequenc®f itemsetsits lengthis
equalto thetotal numberof itemsin all of its itemsets.

10



12-17911-1789-1191317
13-1126789-1121317

9-110131518-159-1111518 pear —1 peach pear
1245-1719-1124-167911 apple orange -1 apple pear -1 pear
014-191113-115 apple orange peach -1 orange
012671419-12-18912-11619 melon orange peach -1 orange
123-178-1691012-11619

24678-11112141617-101691113 (b)

124-1078-111142-18-11418
0124691013

(a)

Figure 6: Examples of sequential transaction files accepted by SLPMiner. Note that the items can be arbitrary strings.

3.2 Output File Formats

Upon successfukxecution,SLPMiner outputsthe discoveredpatternsinto a file calledthe frequentpatternfile. If
the-x option hasbeenspecifiedthenthis file containsonly the maximalpatternsptherwiseit containsall patterns
that satisfythe minimum supportconstraint(s).In addition,if the userhasspecifiedthe -p option, SLPMiner will
generatdghe PC-list file thatcontainsthe parent-childrenmelationshipsamongfrequentpatterns.Similarly, if theuser
hasspecifiedthe-t option, SLPMiner will generatahe TID-list file that shavs the sequentiatransactionghatare
supportedy eachpattern.Theformatof thesefilesis describedn therestof this section.

3.2.1 Frequent Pattern File

Theformatof thefrequentpatternfile is identicalto thatusedby LPMiner andwas describedn Section2.2.1.

3.2.2 PC-List File

Theformatof the PC-listfile is identicalto thatusedby LPMiner andwas describedn Section2.2.2.

3.2.3 TID List File

For eachfrequentpattern,the TID-list file (*.tid) shavs the setof sequentiatransactionshat supportit (i.e., the set
of sequentiatransactionghat containthe pattern). Note that“TID” standsfor transactionidentifier. Eachline of a
TID-list file shavsthelist of supportingtransactiongor a discoseredfrequentpattern. The formatof eachline is the
following:

<PATTERNID> <TID 0> <TID 1> ...

<PATTERNID> is the ID of a frequentpatternandthe remaining<TID x> entriesarethe list of the supporting
transactionseparatedy white spaces.The format of <PATTERNID> is in the LEVEL-NODEform describedn

Section2.2.1. The supportingtransactionDs <TID x> arenon-ngjative integersand correspondo the orderthat
thesetransactiongppearedh theinputfile. Thefirsttransactiors ID in theinputfile is 0, the secondransactiors ID

is 1 andsoon. TIDs in eachTID-list aresortedin ascendingrderof TID value. Figure8(d) shavs anexampleof a
TID-list file.

3.3 Examples

Figure7 shavs anexampleof usingSLPMiner. In this example,SLPMiner is given an input sequentiatransaction
file SeqTranFile shavnin Figure8(a). Thisfile hasatotal of 10 sequentiatransactionsln eachsequencdtemsets
areseparatetty “-1". The"-S” optionis usedto specifythelength-decreasingupportconstrainspecifiedn file func
shavn in Figure8(b). Eachline in func specifieghe minimum supportfor patternswith alength. For example,the
firstline in func setsthe minimumsupportof frequentpatternswith lengthl to 80%. As for the patternswith length
morethan4, theminimumsupportof length4 is applied. The outputfrequentpatternfile SeqTranFile.fp shavn
in Figure8(c) containsfrequentpatternghataresupportedy atleast10 x 50/100 = 5 sequentiatransactions.
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ﬂompt% slpminer -S func -t SeqTranFile \
*kk  kkkkkkkkkkkkkkhkhkkk *kk  kkkkkkkkhkkk *kk
slpminer  (PAFI 1.0) Copyright 2003, Regents of the University of Minnesota
Sequential Transaction File  Information -—-
Sequential Transaction File  Name: SeqTranFile
Number of Input Transactions: 10
Number of Distinct Items: 20
Average Number of Items In a Tran: 11.200
Average Number of Itemsets In a Tran: 3.500
Average Number of Items In an Itemset: 3.200
Maximum Number of Items In a Tran: 15
Maximum Number of Itemsets In a Tran: 5
Maximum Binary  Transaction Size: 92 Bytes
OptioNS  —-m--mmmmmmm e e e e -
Buffer  Size: 50.000000 MB
Temporary File Directory: Current  Directory
Minimum Output Pattern  Size: 1
Maximum Output Pattern  Size: 4294967295
Length-Decreasing Support  Constraint File: func
PC List File Generation: Skip
TID List File Generation: Generate
Non-Maximal Frequent Pattern  Pruning: Skip
Solution  —-meeemeeere s e e e ---
Frequent Pattern  File: SeqTranFile.fp
TID List File: SeqTranFile.tid
Number of Frequent Patterns: 11
Size of Projected Databases: 0.007388 MB
Number of Frequent Patterns[Length 1] 3
Number of Frequent  Patterns[Length 2] 2
Number of Frequent Patterns[Length 3] 4
Number of Frequent Patterns[Length 4] 2
Timing Information - -
Input  File Transformation: 0.006 sec
kGenerating Frequent Pattern  File: 0.107 sec /
*kk  kkkkkkkkkkkkkkhkkkkk *kk  kkkkkkkkkkkk *kk
Figure 7: Output of SLPMiner

The TID-list option“-t" is usedto generatehe TID-list file SeqTranFile.tid thatis shawvn in Figure 8(d).
Eachline correspondso a frequentpatternandstartsfrom the PATTERNLID of the frequentpattern followed by its
TID list. For example,pattern{1 -1 7 8} hasaPATTERN.ID 2-0 andis supportedby thefirst, secondseventh,
andeighthtransactiongn SeqTranFile . Thus,theTID-list of pattern2-0 is{0 1 6 8} (TID numbersstartfrom

0).

0-0990.000 1 0-0013456789
12-17911-1789-1191317 0-1880.000 2 0-101356789
13-1126789-1121317 0-21990.000 9 0-2012345679
9-110131518-159-1111518 1-0 6 60.000 1 -1 9 1-0013456
1245-1719-1124-167911 1-1770.000 1 2 1-10135689
014-191113-115 2-0440.0001-178 2-00168
012671419-12-18912-11619 2-1440.00012-17 2-10368
123-178-1691012-11619 180.0 2-2440.00012-19 2-20568
24678-11112141617-10169 1113 260.0 2-3440.00012-18 2-30356
124-1078-111142-18-11418 340.0 3-0330.00012-17-19 3-0036
0124691013 430.0 3-1330.00012-178 3-1068
(a) Sequential Transaction File "SegTranFile" (b) Length Decreasing (c) Frequent Pattern File (d) TID-List File

Figure 8: Examples of the Input/Output files used/produced by SLPMiner.

Support File "SeqTranFile.fp"
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4 The FSG Program

USAGE
fsg [optionalparameters] GraphTanFle

DESCRIPTION
Findsall frequentconnectedindirectedsubgraphsatisfyinga given minimumsupportthresholdconstraint.

REQUIRED PARAMETER

GraphTranFile
Thenameof thefile thatstoregheinputgraphtransactiongrom whichfrequentconnectegubgraphs
areto befound. Theformatof thegraphtransactiorfile is describedn Section4.1.1.

OPTIONAL PARAMETERS

-s FLOAT, --support=FLOAT
Thisparametesetgheminimumsupporin percentile Thisvaluemustbein therangeof (0.0, 100.0].
Thedefaultvalueis 5.0%. Notethatif the minimum supportis setto 0.0, all thefrequentsubgraphs
with atleastonesupportingtransactioraregenerated.

-mINT, --mnsize=INT
This parametesetsthe minimum size of frequentconnectedsubgraphdo be generated.The size
of a frequentsubgraphs the total numberof edgesn it. For example,the sizesof a triangleanda
squarearethreeandfour respectiely. Thedefault valueis one.

-M I NT, --maxsize=INT
This parametesetsthe maximumsizeof frequentconnectedubgraphso begeneratedThe default
valueis equalto INT_MAX definedin <limit.h> and2,147,483,64 dntypical 32-bit systemslf
this parameters setto a smallvalue,the programwill stopafterfinding all the frequentsubgraphs
of the specifiedsize.

-X, --maxi mal
Generatesnly maximalfrequentsubgraphsBecauséhe currentversionof FSG doesnot contain
ary optimizationsfor getting the maximal patternsonly, note that this option doesnot reducethe
runningtime.

-t, --tid-list
Generates file with the sufix “.tid” which containsthe lists of supportingtransactionDs for each
frequentsubgraphdiscovered. Thesdlists arereferredto asTID-lists. Theformatof the TID-list file
is describedn Section4.2.3.

-p, --parent-children-1list
Generates file that shavs the parent-childrerrelationshipsamongfrequentpatterns. Theserela-
tionshipsarereferredto as PC-list For eachfrequentpattern, p, its PC-list containsall frequent
patternsc, suchthatc is amaximalfrequentsub-patterrof p.
ThePC-listsarestoredin afile, which hasthe samenameasthe input file with file extension®.pc”
added.Theformatof the PC-listfile is describedn Section4.2.2.

-h, --help
Displaysa shortsummaryof the optionsto the standardutput.

OuTPUT
The discoveredfrequentconnectedsubgraphsre storedin afile with the samebasenamastheinput file and
with the sufix “.fp”. Theformatof this frequentpatternfile is describedn Section4.2.1.

NOTE
FSG is implementedasin-memoryprogram. The sizeof the datasetshatcanbe processedrelimited by the
amountof physicalmemoryin your system.
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4.1 Input File Format

FSG takes asnput the GraphTanFle that containsthe graphtransactiongrom which the frequentpatternswill be
discovered.Basicallythis formatis a simplified versionof SUBDUE[2] graphfile format. The detail of theformatis
describedn therestof this section.

4.1.1 Graph Transaction File

A graphtransactiorfile is an ASCI| file thatcontaina setof graphtransactionsEachgraphtransactiorbegins with
thetransactiorine which startswith theletter“t . Next, asetof vertex lines follows. Then,asetof edgelinescomes.
Thereare only four typesof lines including commentswhich are shavn in Table 1. Vertex IDs are non-ngative
integersassignedn the increasingordersequentiallyfrom zero. If agraphhasN verticesthereshouldbe N vertex
lineswhose“<ID>" isfrom 0to N — 1. If agraphhasM edgesthereshouldbe M linesin total eachof which
containsa pair of vertex IDs asits endpoints.

Line type Format Explanation

Comment | # ... Everythingignoredafter“#’

Transaction| t Thebeginning of atransaction

Vertex v <ID> <LABEL> A vertex ID <ID> andits vertex label<LABEL>
<ID> anon-ngative integer, <LABEL> a stringwithout spaces

Edge u <ID1> <ID2> <LABEL> | Endpoints<ID1> and<ID2>, andits edgelabel<LABEL>
<ID1>,<ID2> vertex IDs, <ID1> < <ID2>
<LABEL> astringwithout spaces

Table 1: Format of the graph transaction file

Figure9 shavs a graphof four verticesandfive edges Edgesareunlabeledi.e., all edgeshave thesamedabel“E”)
andvertex labelsareeither“black ” or “white ”. Figure10 shavs the correspondinggraphtransaction.Note that
vertex andedgelines mustbe sortedin the ascendingrderbasedn thevertex IDs andeachedgeappear®nly once
becausé<ID1> " mustbesmallerthan“<ID2> " in theedgeline.

white

4 vertices and 5 edges
white
white

t#
o :
v 1
v 2 black
v 3 white
uO01lE
2 :
uo
ul
ul

white  white black

WNWN
mmmm

Figure 9: Sample graph Figure 10: Sample graph transaction

4.2 Output File Formats

Upon successfukxecution,FSG outputsthe discoveredpatternsinto a file calledthe frequentpatternfile. If the
-X optionhasbeenspecified thenthis file containsonly the maximalpatternsptherwiseit containsall patternghat
satisfy the minimum supportconstraint. In addition, if the userhasspecifiedthe-p option, FSG will generateghe
PC-listfile thatcontainsthe parent-childrenelationshipamongfrequentpatterns Similarly, if the userhasspecified
the-t option,FSG will generatéheTID-list file thatshavs thegraphtransactionshataresupportedy eachpattern.
Theformatof thesefilesis describedn therestof this section.
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4.2.1 Frequent Pattern File

The format of the frequent-patterfile (*.fp) thatFSG usesto outputthe patternghatit discoveredis similar to that
usedfor specifyingthe input graphtransactiongdescribedn Section4.1.1). Thisis becauséSG’s outputis a setof
frequentsubgraphsvhich canalsoberegardedasa setof graphs.

The only formatdifferenceis thatthe frequent-pattertile containsadditionalinformationaboutthe differentpat-
ternssuchastheir patterniD andtheir frequenciesThis informationappeamscommentsn each“Transaction’line
(i.e., theline startswith “t ). Theexactformatof the “Transactionine of the frequent-patterifile andits meaning
is shavnin Table2.

Line type Format Explanation
Transaction| t # <PATTERN.ID>, <COUNT>| Thebeginningof atransactioni.e.,afrequentsubgraph.
<PATTERNID> istheidentifierassignedo thesubgraphThisidentifier
is in asimilar LEVEL-NODEformatasthatusedby LPMiner and SLP-
Miner. However, in the caseof FSG, LEVEL correspondso the number
of edgesin the frequentsubgraph.The samelD is usedby the PC-List
andTID-List files.
<COUNT>shaws the total numberof transactionsvhich containat least
one instanceof the frequentsubgraph. Naturally this count should be
greateror equalto the supportthresholdspecifiedby a user

Table 2: Format of the “Transaction” line of the frequent-pattern file.

4.2.2 PC-List File

Theformatof the PC-listfile is identicalto thatusedby LPMiner andwas describedn Section2.2.2.

Figure11 shows afrequentsubgraptof size5 as well asits 5 subgraphsf size4. Notethattherearefive waysto
obtainsize-4subgraphd$rom this size-5subgraphy removing eachedge only threearedistinctin termsof isomor
phism. The correspondindine in the PC-listfile becomes5-0 4-0 4-14-2” shoving thatthe subgraptb-0 contains
thethreedistinctsubgraphg-0, 4-1 and4-2.

(o)
e/o‘e
(o) (o) (o)
o 0.2 eAz e/e
(o) (o)
® o‘z e/o z
Figure 11: Sample subgraph of size 5 and its children of size 4 Figure 12: The corresponding line in the PC-list file

4.2.3 TID-List File
Theformatof the TID-list file is identicalto thatusedby SLPMiner andwas describedn Section3.2.3.

4.3 Examples

Figure 13 shaws the executionof FSG at the commandine andits outputto the standardoutput. The input file is
named‘test.g” whichis shavn in Figure 14. The discoveredfrequentpatternsarestoredin the file named‘test.fp”
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user@machine:” 1 $ ./fsg -s 100.0 -pt testg \
kkk  kkkkkkkkkkkk *kk
fsg 1.34 (PAFI 1.0) Copyright 2003, Regents of the University of Minnesota
Transaction File Information  --------m---mmmomooeeooe-
Transaction File  Name: test.g
Number of Input Transactions: 2
Number of Distinct Edge Labels: 1
Number of Distinct Vertex Labels: 2
Average Number of Edges In a Transaction: 4
Average Number of Vertices In a Transaction: 4
Max Number of Edges In a Transaction: 6
Max Number of Vertices In a Transaction: 4
OptioNS  =-mmmmmmmmm e e -
Min Output Pattern  Size: 1
Max Output Pattern  Size: 2147483647(INT_MAX)
Min Support Threshold: 100.0% (2 transactions)
Generate Only Maximal Patterns: No
Generate PC-List: Yes
Generate TID-List: Yes
outputs  -----m-mmmememem e e -
Frequent Pattern  File: test.fp
PC-List  File: test.pc
TID-List File: test.tid
Number of Size-1 Frequent Patterns: 1
Number of Size-2 Frequent Patterns: 1
Number of Size-3 Candidates: 3
Number of Size-3 Frequent Patterns: 1
Largest Frequent Pattern Size: 3
Total Number of Candidates Generated: 3
Total Number of Frequent Patterns Found: 3
Timing Information
0.0[sec]

\ Elapsed User CPU Time:

kkk kkkkkkkkkkkok *kk

/

andis shovn in Figure 17. Note thatbesideghe actualdiscoreredsubgraphsthe frequentpatternfile alsocontains
alog of the run ascommentfields. The options“-p” and“-t” areusedeachof which specifieso generatahe files

Figure 13: Execution of FSG

“test.pc”and“test.tid” respectiely. The contentf thetwo files areshovn in Figuresl5and16.

Figure 14: Graph Transaction File test.g

t # triangle

vovVv

vi1iv

v2a2yVv

ul01lE

ul02E

ul?2E

t# K4

vovVv

vi1iv

va2yvVv

v 3w

ul01lE

ul02E

uo03E

ul?2E 1-0 1-0 01
ul3E 2-0 1-0 20 01
u23E 3-0 2-0 30 01

Figure 15: PC-List File test.pc
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Fkkkkkk ok kdkkkkkk

fsg 1.34 (PAFI 1.0) Copyright 2003, Regents of the University of Minnesota

Transaction File Information — ------------mommoeee
Transaction File Name: test.g

Number of Input Transactions: 2
Number of Distinct Edge Labels: 1
Number of Distinct Vertex Labels: 2
Average Number of Edges In a Transaction: 4
Average Number of Vertices In a Transaction: 4
Max Number of Edges In a Transaction: 6
Max Number of Vertices In a Transaction: 4
OptioNs  —----mmmmemmmmem e e
Min Output Pattern  Size: 1
Max Output Pattern  Size: 2147483647(INT_MAX)
Min Support Threshold: 100.0\% (2 transactions)
Generate Only Maximal Patterns: Yes
Generate PC-List: Yes
Generate  TID-List: Yes
OUIPULS  =-mmmmmmmmemmemmmmemeeeceeceeeeee e
Frequent Pattern  File: test.fp
PC-List  File: test.pc
TID-List File: test.tid
1-0, 2
\%
\%
1E
2-0, 2

mm

roonvroOoO¥ooNnmrRrOFoROH*
NR<S<PN RS
N

E

E
2 E
Number of Size-1 Frequent Patterns: 1
Number of Size-2 Frequent Patterns: 1
Number of Size-3 Candidates: 3
Number of Size-3 Frequent Patterns: 1
Largest Frequent Pattern Size: 3
Total Number of Candidates Generated: 3
Total Number of Frequent Patterns Found: 3

Timing Information

Elapsed User CPU Time: 0.0[sec]

HEHFHFHFFIFIFFRFRIHFCcCcOCLS<LSKLSKPCcCLS<K<<K 7L< " HHHFHRIHHFHFFHFHFFHEHFHFFFEHH T T H

Tk AEITRFFAKIIKRK

Figure 17: FP File test.fp
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5 Filename Rules

PAFI's stand-alon@rogramsusea specificfile extensionfor eachfile typeasshovnin Table3. In thetable,we assume
theinputtransactionsequentiatransactionpr graphtransactiorfile is TEST, but you canchooseary file name.By
default, LPMiner, SLPMiner, andFSG generatdhosefiles in Table3 onthe directorywherethe input transaction
file resides.Only one exceptionis *.If. N files that canbe put in a directory of your choice. This is becausghese
filesareaccessedoextensiely thatthel/O performancenthesefiles affectstheamountof time takenby SLPMiner
dramatically

Notethatif afile with the samenameexists,LPMiner, SLPMiner, andFSG will overwriteit without askingyou.
Therefore,it is safeto avoid putting files that have the sameprefix asthe input transactiorfile. Upon a successful
terminationall temporaryfiles aredeleted.

File Name Input/Output | Description Option | Program

TEST Input Iltem/Sequence/Grapfransactiorfile N/A LPMiner, SLPMiner, FSG
TEST.fp Output Frequenpatternfile N/A LPMiner, SLPMiner, FSG
TEST.pc Output PClist file -p LPMiner, SLPMiner, FSG
TEST.tid Output TID list file -t SLPMiner, FSG

TEST.t _conv Temporary | Corvertedtransactiorfile N/A LPMiner, SLPMiner
TEST.fp _conv | Temporary | Corvertedfrequentpatternfile N/A LPMiner, SLPMiner
TEST.slp Temporary | Binarytransactiorfile N/A SLPMiner

TEST.f. N Temporary | Projecteddatabaséile (N =0,1,2,...) | N/A SLPMiner

Table 3: Extensions of files derived from transaction file “TEST".

6 System Requirements and Contact Information

PAFI is written in ANSI C and C++ and hasbeenextensvely testedunderLinux and Solaris. At this point PAFI'S
distribution is only in a binary format, asit is actively underdevelopment. However, we expectto make the source
codeavailablein futurereleases.

Eventhough,PAFI containsno known bugs,it doesnot meanthatall of its bugshave beenfound andfixed. If you
find arny problemspleasesendemailto karypis@cs.umn.edwith a brief descriptionof the problemyou have found.
Also, ary future updatego PAFI will be madeavailableon WWW at http://wwwcs.umn.edu/ pafi

7 Copyright Notice and Usage Terms

The PAFI packages copyrightedby the Regentsof the University of Minnesota.lt canbefreely usedfor educational
andresearclpurposedy non-profitinstitutionsandUS governmentagencie®nly. Otherorganizationsareallowedto
usePAFI only for evaluationpurposesandary furtheruseswill requireprior appraval. The softwaremay notbesold
or redistributedwithout prior appraval. Onemay male copiesof the softwarefor their use preidedthatthe copies,
arenot soldor distributed,areusedunderthe sametermsandconditions.

As unestablishedesearclsoftware, this codeis provided on an“asis” basiswithout warrantyof ary kind, either
expressedr implied. The downloading,or executingary part of this software constitutesan implicit agreemento
theseterms.Thesetermsandconditionsaresubjectto changeat ary time without prior notice.
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